Abstract We examined aseptic loosening and osteolysis in 77 revised McKee-Arden total hip arthroplasties (THAs) using polyethylene cups and identical femoral stems made from either cobalt chrome alloy or titanium alloy. Time to failure was significantly shorter in the titanium group. Loosening and peri-prosthetic osteolysis occurred with significantly higher frequency in the titanium group compared to the cobalt chrome group.
Introduction
The behaviour of different biomaterials, and in particular titanium, continues to generate interest and concern amongst orthopaedic surgeons performing total hip arthroplasty (THA). In vitro and retrieval studies have shown that titanium implants release a large amount of metal debris into the synovium; a 21-fold increase of metal levels was noted between loose and well-fixed titanium implants and a seven-fold increase between loose and well-fixed cobalt chrome prostheses [4] . Currently, three types of metal are used in THA -stainless steel, cobalt chromium alloy and titanium alloy -yet few data are available about the influence of the stem material alone on the patterns of loosening and osteolysis.
The purpose of this study was to quantify and compare the presence of prosthetic loosening and bone loss seen in a homogenous group of failed cemented THAs in which identical components were used, except for their stem material (cobalt chromium alloy versus titanium alloy). Published data on polyethylene wear [2] , aseptic loosening [1] and femoral bone loss [11] in titanium stems are based primarily on radiographic analysis and follow-up studies. This series reports on radiographic and operative findings of 77 failed prostheses retrieved at revision surgery.
Materials and methods
Between 1993 and 1998 a single surgeon (JWR) revised consecutively 81 cemented McKee-Arden THAs. Primary arthroplasty had been performed using either cobalt chrome or titanium alloy stems and polyethylene sockets. The McKee-Arden stem is a curved monoblock implant (Thompson type) with a collar. Two neck lengths (standard and long) and two head sizes (35°°mm and 40 mm) are available. The manufacturer's product information refers to a "rough surface finish" for both stems. (Fig. 1) The Arden acetabular component made from ultra-high-molecular-weight polyethylene was used in all cases (three cup sizes were available, with internal diameters to match the head). A standard technique (posterior approach, finger packing of cement, antibiotic cover, post-operative rehabilitation) had been used for the primary arthroplastymostly well documented in the notes. Seventy-seven complete sets of pre-operative (pre-revision) X-rays and operative notes were available for review. Demographic data, details of primary surgery and time to revision (e.g. failure) were recorded from the notes.
Radiographic analysis
All pre-revision radiographs were independently analysed for loosening and bone loss by the first author (AHS) who was blinded to the type of biomaterial and who used established criteria [9] . The acetabular component was assessed for cement-bone radiolucency and osteolysis in Charnley's zones [5] , as well as for migraStatement of conflict of interest: No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article tion. Radiolucency around the femoral component at the prosthesis-cement and cement-bone interfaces, and bone loss/hypertrophy in Gruen's zones [7] , was recorded on all AP radiographs. Subsequently, radiographic findings were compared to operative notes recorded at revision by the second author. The revision notes contained details of prosthetic appearance, periprosthetic bone defects, implant loosening and the type of femoral material encountered. The degree of osteolysis visible at revision was classified into mild, moderate and severe according to Engh et al. [6] .
Statistical analysis
The incidence of acetabular and femoral osteolysis and loosening was assessed using Fisher's exact test. Time to revision and severity of acetabular and femoral bone loss in both groups were evaluated using the Mann-Whitney U test (MWU).
Results
This series comprised 77 THAs in 73 patients; 44 femoral stems were cobalt chrome and 33 titanium alloy. General demographic data are detailed in Table 1 . There were more patients in the cobalt chrome group, of which two thirds were women, whereas more than half the patients in the titanium group were men. The main pre-operative diagnosis was osteoarthritis; five patients in the cobalt chrome and two in the titanium group were rheumatoid, and two hips in the cobalt chrome group and one in the titanium group were replaced following Perthes' disease.
There was a marked difference in the time to revision between the two groups ( Table 1) . Cobalt chrome prostheses were revised after 7-22 (median 13) years and titanium after 5-16 (median 7.8) years. This was statistically significant (MWU: P<0.001).
As to femoral bone loss (Table 2 ) and prosthetic loosening, femoral osteolysis was seen around 18/44 of the cobalt chrome and around 26/33 of the titanium alloy stems; this difference was significant (Fisher's exact test: P=0.00047). There was a significant difference in the severity between the groups: 21/33 femurs in the titanium group showed moderate to severe bone loss compared to only 15 cases of moderate loss in the cobalt chrome group (MWU: P=0.0002). In 56.8% of cobalt chrome implants we observed no femoral osteolysis. At revision surgery 40/44 sockets in the cobalt chrome group and 29/33 in the titanium group were found to be loose. Loosening around femoral stems, however, was markedly more common in the titanium group, with 26/33 stems clinically loose compared to 17/44 cobalt chrome stems. This difference was statistically significant (Fisher's exact test: P=0.00104).
Radiographs showed typical features of loosening and bone loss both groups. Radiographic analysis of the titanium group showed femoral bone resorption typically accompanied by severe lysis with signs of endosteal scalloping. In many cases the stem position had dramatically changed compared with films taken following primary THA (Fig. 2) . Radiographic appearances of femoral osteolysis in the cobalt chrome group were more subtle and showed mostly radiolucent lines at the prosthesiscement interface (Fig. 3) . 
Discussion
Several studies have attempted to assess the effect of biomaterial on loosening of THAs [3] . However, these series consist primarily of either in vitro or short-to-medium-term clinical studies. Little has been published about definitively loose revised THAs and how different metals might influence the mode of loosening and osteolysis. Our series constitutes a retrieval study showing significant differences in the pattern of failure and relates the findings to the biomaterial of the femoral component. With well-matched patient groups, standard operative technique and identical geometry, modularity and similar surface finish, the only variable in our study was the material used. Bankston et al. [2] presented a radiographic analysis of linear wear in 568 cemented THAs (stainless steel, cobalt chrome and titanium) at 8-year follow-up. In that series the incidence of femoral osteolysis on X-ray was no different between the three groups. Based on our intraoperative findings we saw not only a significantly higher incidence but also a significantly higher degree of femoral osteolysis in the titanium group (Table 2) .
Isaac et al. [8] felt that the barium particles from polymethylmethacrylate bone cement (PMMA) were scratching the femoral head even of well-fixed titanium implants, leading to increased third-body wear in cemented titanium THA. The prostheses in our study were cemented monoblock implants and exposed a relatively large titanium surface to PMMA debris. This could explain the significant increase of femoral osteolysis in the titanium group.
Brian et al. [4] analysed synovial fluid metal levels from stainless steel, cobalt chrome and titanium alloy cemented hip replacements. They found titanium alloy implants released "disproportionately large levels of metal into local tissues" compared to the other two metals. On retrieval every titanium head was severely scratched and burnished. Macroscopically, extensive grey-black tissue staining was present, with metal levels correlating well to the darkness of colour. These observations match the operative findings in our titanium group very well.
Bal et al. [1] found a higher incidence of peri-prosthetic osteolysis in modular prostheses irrespective of the type of metal used. Although their clinical study aimed to compare polyethylene wear in femoral stems of similar geometry but different metals (titanium alloy or cobalt chrome) they could not eliminate a number of other variables, including modularity and surface finish. At clinical and radiological review (at 66 months follow-up) they felt that the corrosive metal debris generated at the headneck taper was responsible for the osteolysis. No clear conclusions were drawn for the type of material used.
The implants compared in our series were virtually identical. We admit that our results must be interpreted within the limits of an observational rather than a prospective study. Maurer [10] recently reported significantly higher revision rates for cemented titanium alloy (Ti-6A1-7Nb) prostheses in comparison with geometrically identical cobalt-chromium-nickel implants. Their findings -particularly the time to failure -correlate well with our results. The smaller population size of our study, however, does not allow for analysis of influence of gender/physical activity on failure.
This study shows that, in direct comparison with cobalt chrome prostheses, cemented titanium alloy implants fail earlier and lead to significantly increased femoral loosening and osteolysis. The combination of titanium as a bearing surface, a large head diameter and cement should be avoided in THA.
